ABSTRACT
INTRODUCTION
One global standard for the selection of postoperative therapy for breast cancer is derived from the risk categorybased recommendations proposed by expert panels at the St. Gallen oncology consensus conferences [1] . Treatment guidelines issued and regularly updated by the National Comprehensive Cancer Network [2] and the American Society of Clinical Oncology [3] also play important roles in deciding on the best regimen for postoperative therapy.
Among chemotherapeutic agents, bolus injections of 5-fluorouracil (5-FU) are included mainly in combination chemotherapy regimens, such as cyclophosphamide, methotrexate, and fluorouracil (CMF) or fluorouracil, epirubicin, and cyclophosphamide (FEC). At present, the positioning of 5-FU varies considerably, even in Europe and North America. In Japan, clinical studies of chemotherapeutic regimens including oral 5-FU derivatives date back many years, and as a consequence, unique regimens of postoperative chemotherapy have been developed in Japan. In particular, long-term, daily oral treatment with tegafur plus uracil (UFT) as postoperative adjuvant chemotherapy was recently shown to prolong survival in patients with gastric [4] , colorectal [5] , and lung [6] cancer. To assess the usefulness of postoperative chemotherapy with UFT in breast cancer, the Adjuvant Chemoendocrine Therapy for Breast Cancer (ACETBC) study, the first large clinical trial of its type to be conducted in Japan, was performed [7, 8] . In addition, large controlled clinical studies have been conducted to compare UFT with CMF [9 -11] . This review provides a brief description of the development of oral fluoropyrimidine chemotherapy regimens and summarizes the results of clinical studies of UFT in breast cancer conducted in Japan, leading to the identification of patients most likely to benefit from treatment with this oral 5-FU.
EVOLUTION OF ORAL FLUOROPYRIMIDINES FOR BREAST CANCER CHEMOTHERAPY
More than 50 years have elapsed since 5-FU was developed by Heidelberger et al. [12] in 1957, and during this time, 5-FU has been used as a standard therapy for solid tumors. 5-FU is an analog of uracil with antitumor activity that can be attributed to two main actions [13] . After entering cells, 5-FU is converted to 5-fluorodeoxyuridine monophosphate, which inhibits thymidylate synthase (TS), thus interfering with DNA synthesis, as well as to 5-fluorouridine triphosphate, which is incorporated into RNA, inhibiting normal RNA processing. An important limitation of 5-FU is its prompt degradation and inactivation by dihydropyrimidine dehydrogenase (DPD) in vivo. To address this disadvantage and to enhance its effectiveness, better treatment regimens and 5-FU derivatives and modulators have been developed. The evolution of oral fluoropyrimidine derivatives for breast cancer is outlined in Figure 1 .
One strategy to improve the efficacy of fluoropyrimidines is to concurrently administer agents that inhibit the DPD-dependent degradation of 5-FU such that blood levels of 5-FU are higher than the levels achieved by continuous i.v. administration of 5-FU. The fluoropyrimidines developed under this strategy include UFT and a combination of gimerasil, tegafur, and oteracil (TS-1), which are designated as DPDinhibitory fluoropyrimidines. A second strategy is to selectively enhance the concentration of 5-FU in tumor tissues, by making use of thymidine phosphorylase (TP), which is expressed at high levels in tumor tissues. The fluoropyrimidines developed under this strategy include doxifluridine (5Ј-deoxy-5-fluorouridine [5Ј-DFUR]) and capecitabine.
DPD-Inhibitory Fluoropyrimidines
UFT UFT is a combined preparation of uracil and tegafur. Tegafur was initially synthesized in 1967 as a prodrug of 5-FU and is converted in the liver to 5-FU by cytochrome P450 2A6. Oral regimens have been developed on the basis of these properties [14 -16] ; however, 5-FU derived from tegafur is promptly metabolized by DPD in the liver, similar to i.v. 5-FU. Thus, tegafur was combined with uracil to inhibit DPD and increase concentrations of 5-FU in vivo, thereby enhancing its antitumor activity. Increasing amounts of uracil are associated with higher toxicity as well as efficacy, and to maintain an optimal balance between efficacy and toxicity, tegafur and uracil were combined in a molar ratio of 1:4 in the preparation of UFT [17] . In addition to the cytocidal effects of 5-FU on residual cancer cells after surgery, UFT may also act through the antiangiogenic activity of the tegafur metabolites ␥-hydroxybutyrate (GHB) and ␥-butyrolactone (GBL) [18, 19] .
TS-1
To achieve higher antitumor activity than UFT with lower toxicity, potent DPD inhibitors and drugs capable of reducing toxicity were investigated. Gimeracil is a DPD inhibitor with about 200-fold more potency than uracil. Oteracil is an agent that was shown to suppress the activation of 5-FU mainly in the gastrointestinal tract, thereby decreasing 5-FU-induced gastrointestinal toxicity. To achieve a balance between efficacy and toxicity, optimal combination ratios of tegafur with these two agents were studied, and this led to the development of TS-1, combining gimeracil, oteracil, and tegafur in a molar ratio of 1:0.4:1 [20] .
TP-Dependent Fluoropyrimidines

5-DFUR
5Ј-DFUR is a prodrug of 5-FU that was developed to enhance tumor selectivity [21] . This drug is converted into 5-FU by TP, an enzyme that is highly expressed in tumor tissue. Because 5-FU is produced in situ by TP in tumor tissue, 5Ј-DFUR is considered to have high tumor selectivity. However, TP is also expressed to some extent in normal tissue, for example, in the intestinal tract. Therefore, longterm/high-dose treatment with 5Ј-DFUR carries a high risk for intestinal toxicity and bone marrow suppression, both of which are dose-limiting factors.
Capecitabine
Capecitabine was developed as a prodrug to overcome the disadvantages of 5Ј-DFUR and has even higher tumorselective activity based on the restriction of metabolizing enzymes to tumor tissue, and absence from the intestine or marrow [22] . In order to reduce the risk for bone marrow suppression, 5Ј-deoxy-5-fluorocytidine, a derivative that is converted into 5Ј-DFUR by cytidine deaminase, was synthesized. To inhibit intestinal toxicity, capecitabine, a derivative that is converted into 5Ј-DFUR by carboxyl esterase, was developed. Capecitabine is associated with hand-foot syndrome, a dose-limiting toxicity that rarely occurred with previously developed drugs. Symptomatic treatment for handfoot syndrome is now being studied [23] .
EVIDENCE SUPPORTING THE USEFULNESS OF ORAL FLUOROPYRIMIDINE DERIVATIVES AS POSTOPERATIVE ADJUVANT CHEMOTHERAPY FOR BREAST CANCER
Usefulness Compared with Surgery Alone
In Japan, the first clinical study of oral fluoropyrimidine derivatives in patients with breast cancer was conducted in 1982, when the ACETBC Study Group was formed. The ACETBC Study Group divided Japan into several areas and planned and conducted different clinical trials in each area. The Study Group also conducted a series of major trials, designated as the first to fourth studies [7, 8, 24, 25] . The results of a pooled analysis of clinical studies performed according to similar concepts were reported in addition to the results of individual clinical studies conducted in each area. These studies represent the largest clinical trials of oral anticancer agents in the world to date.
In the third ACETBC study, tegafur, which had been evaluated in previous studies, was switched to UFT, and patients were stratified according to estrogen receptor (ER) status (Fig. 2) [7] . While tamoxifen (TAM) plus UFT was compared with TAM alone in patients with ER ϩ breast cancer, UFT was compared with no chemotherapy in patients with ER Ϫ breast cancer. In 854 ER ϩ patients, mitomycin was additionally administered on the day of surgery. In total, 1,973 patients were enrolled and included in the analysis. Examination of the recurrence-free survival (RFS) rate revealed that the risk for recurrence was 21% lower in the UFT group. Thus, in ER ϩ breast cancer, 2 years of treatment with UFT plus TAM led to a 26% lower risk for recurrence than with TAM alone. Regarding the results of studies conducted in different areas of Japan, Ogita et al. 28 Tegafur-Uracil Adjuvant Chemotherapy for Breast Cancer [26] compared TAM alone with TAM plus UFT as postoperative chemotherapy in patients with ER ϩ stage II breast cancer. The disease-free survival (DFS) rate at 5 years was 83.1% in the TAM alone group and 90.7% in the TAM plus UFT group (p ϭ .02). Additional treatment with UFT thus resulted in a significantly longer DFS interval. Sugimachi et al. [27] similarly showed that adding UFT to TAM was markedly effective in premenopausal women with ER ϩ breast cancer (p Ͻ .05). Toi et al. [28] examined the characteristics of tumors from patients who responded well to UFT, using surgical specimens obtained from patients enrolled in the third ACETBC study. They also studied the association between factors such as 5-FU-metabolizing enzymes and outcomes, using specimens obtained from 192 premenopausal women with node-positive breast cancer. Human epidermal growth factor receptor 2 (HER-2) and p53 were found to be clear prognostic indicators of response to TAM alone, whereas response to TAM plus UFT was not influenced by the expression status of HER-2 or TP. Among patients with tumors that expressed TS, outcomes were distinctly better in the TAM plus UFT group than in the TAM alone group. The fourth ACETBC study evaluated the usefulness of postoperative adjuvant chemotherapy with UFT in patients with node-negative breast cancer (Fig. 3) [8, 29] . Data were collected from 2,932 patients. The 5-year survival rate differed significantly between patients who received UFT and those who did not (95.9% versus 94.0%; p ϭ .036). When patients were stratified according to ER status, the 5-year survival rate among patients with ER ϩ breast cancer was 93.5% with surgery alone, 96.0% with UFT alone, 96.9% with TAM alone, and 98.0% with TAM plus UFT. Among patients with ER Ϫ breast cancer, the 5-year survival rate was 93.2% with surgery alone, 95.8% with UFT alone, 93.9% with TAM alone, and 92.8% with TAM plus UFT. These results strongly suggested that adding UFT to TAM leads to longer survival in women with ER ϩ breast cancer.
The studies described above provided evidence that adding UFT to TAM strongly enhances response, particularly in patients with ER ϩ tumors.
The Doxifluridine Study Group evaluated the usefulness of postoperative 5Ј-DFUR treatment versus surgery alone in 1,217 patients with primary breast cancer [30] . Eight-year follow-up data showed that the RFS and overall survival (OS) rates did not differ significantly between the two groups.
Usefulness Compared with CMF
In Japan, clinical trials of CMF were started considerably later than in Europe and North America, and CMF was approved in 1996. Subsequently, CMF was given to control groups in clinical trials performed throughout Japan.
The National Surgical Adjuvant Study of Breast Cancer (N-SAS-BC) study 01 [11] was designed to verify that UFT is not inferior to CMF in intermediate-risk patients with node-negative breast cancer. Two years of treatment with UFT was compared with six cycles of classic CMF, with RFS as the endpoint. Patients whose tumors were positive for ER, progesterone receptor, or both, additionally received TAM (20 mg/day) for 5 years. In total, 733 patients were enrolled. The hazard ratio in the UFT group as compared with the CMF group was 0.98 (95% confidence interval, 0.66 -1.45) (Fig. 4) . Although UFT was not established as being noninferior to CMF, the RFS and OS curves of the groups overlapped during the study period, strongly suggesting that UFT and CMF are equally effective in these patients.
The Comparative Trial with UFT ϩ TAM and CMF ϩ TAM in Adjuvant Therapy for Breast Cancer [9, 10] was conducted during the same period as the N-SAS-BC 01 study to verify that UFT is noninferior to CMF in patients who had stage I to IIIa breast cancer with one to nine axillary node metastases. That study compared six cycles of CMF plus 2 years of TAM with UFT plus TAM for 2 years. Data from 377 enrolled patients were analyzed. RFS rates at 5 years were similar in the CMF group (76.3%) and the UFT group (72.3%). A subanalysis was performed according to hormone-receptor status (Fig. 5) (Fig. 6) . Analysis of the results of these questionnaires indicated that QOL was distinctly better in the UFT group for the first half year after starting treatment with CMF. After completing treatment with CMF, QOL improved slightly in the CMF group, but was similar to that in the UFT group, suggesting that QOL was well maintained during treatment with UFT.
DISCUSSION
With recent advances in pharmacotherapy, the initial treatment of breast cancer has shifted from primarily surgery to a multidisciplinary approach. In particular, postoperative chemotherapy has changed dramatically as a result of the numerous randomized controlled studies performed during the approximately 30 years since CMF was first shown to be therapeutically useful. Updated guidelines have been prepared on the basis of the large body of evidence generated by these studies to help clinicians make decisions regarding treatment.
The first study in Japan to prospectively assess the benefits of postoperative chemotherapy in breast cancer was a randomized controlled trial performed by the ACETBC Study Group [24] . That trial (the first ACETBC study) evaluated the potential benefits of adding TAM to tegafur in women with breast cancer. Subsequently, many randomized controlled studies comparing oral 5-FU derivatives with classic CMF therapy, which was approved in Japan in 1996, were planned and executed, leading to the introduction in Japan of regimens used as standard therapy in Europe and North America.
Anthracycline-based regimens are currently recommended for postoperative chemotherapy in women with breast cancer. In patients with node-positive disease, anthracycline-based regimens combined with taxanes, given either sequentially or concurrently, are recommended. The use of TAM or aromatase inhibitors (AIs) is recommended for postmenopausal women with hormone receptor-positive tumors, but the use of AIs is increasing.
If both chemotherapy and endocrine therapy are indicated for postoperative treatment, the optimal timing of such therapy, that is, whether treatment should be given sequentially or concomitantly, must be considered. An Intergroup 0100/Southwest Oncology Group 8814 trial [32] , which was conducted to determine whether CAF in combination with TAM should be administered sequentially or concurrently, demonstrated the superiority of sequential treatment. On the basis of these results, sequential treatment with hormones after the completion of postoperative chemotherapy is currently considered therapeutically useful and is thus recommended. However, there is a conspicuous lack of evidence supporting the timing of chemotherapy with drugs other than anthracyclines, such as the subsequently launched taxanes and oral 5-FU derivatives, and the timing of treatment with AIs, currently the hormone therapy of choice for postmenopausal women.
Historically, there was a time when oral 5-FU derivatives and TAM were used concomitantly for no clear reason. However, such combined regimens are already used in clinical practice and have been reported to be therapeutically useful. Recently, experimental studies demonstrating the usefulness of 5-FU derivatives combined with TAM have been reported. In studies using a breast cancer cell line, Kubota et al. [33] showed that concurrent treatment with UFT and TAM is markedly effective because of a TAM-induced ER downregulation. UFT was thus shown to potentiate the hormone activity of TAM. Another study reported that a combination of 4-hydroxy-TAM and 5-FU has additive anticancer activity [34] . The mechanism of action of combined treatment is thought to involve the TAMinduced TS downregulation. This downregulation of TS activity is considered to enhance the antitumor activity of 5-FU. The activity of a combination of UFT and anastrozole has also been studied using cell lines after aromatase gene introduction. Combined treatment was confirmed to result in significantly greater tumor shrinkage than with either treatment alone. UFT has been shown to significantly improve outcomes over with surgery alone in clinical studies. Its effectiveness is estimated to be comparable with that of CMF. Moreover, the addition of UFT to TAM has been shown to further improve outcomes. Interestingly, the third ACETBC study reported that the degree of TS activity, considered a useful predictor of response to 5-FU, was related to the response to UFT plus TAM [28] . Namely, there was no difference in RFS between a TAM alone group and a TAM plus UFT group among patients whose tumors had low TS activity, whereas the RFS interval was longer in the TAM plus UFT group among patients whose tumors had high TS activity.
Early data were all obtained from studies in which UFT was combined with TAM. However, as mentioned above, AIs are increasingly being used as standard treatment in postmenopausal women with breast cancer. Endocrine therapy is indicated for the treatment of hormone receptorpositive breast cancer, which generally has low sensitivity to chemotherapy [35, 36] . Recently, AI-based endocrine therapy combined with chemotherapy was reported to be therapeutically useful. Experimental studies by Chen et al.
[37] using aromatase-positive gynecological tumors assessed the effectiveness of a combination of paclitaxel and exemestane in vitro. The activity of paclitaxel was potentiated by concurrent treatment with exemestane. The mechanism of action was reported to independently involve ER-␣, but to depend on the presence of androstenedione. Clinically, the results of phase II randomized controlled studies comparing letrozole monotherapy with a combination of letrozole and cyclophosphamide as preoperative treatment in women with ER ϩ breast cancer have been reported [38] . Combined therapy resulted in a higher response rate. The high antitumor effectiveness in that clinical trial was attributed to metronomic administration of cyclophosphamide (50 mg orally every day). Inhibition of angiogenesis by metronomic treatment with cyclophosphamide is considered one of the mechanisms of action [39] . Experimental studies have confirmed that UFT also similarly inhibits angiogenesis [18, 19] . In other words, GHB and GBL derived from tegafur are thought to inhibit angiogenesis. This effect may underlie the high antitumor activity of long-term metronomic treatment with UFT [40] . Therefore, long-term continued administration of UFT might continuously inhibit the development of feeding blood vessels to tumors, thereby suppressing postoperative metastasis. Although concurrent therapy with UFT and AIs is not supported by firm evidence from clinical trials, concomitant treatment with these drugs has already been reported in clinical and experimental practice. In a survey designed primarily to confirm tolerance to 1 year of postoperative treatment with UFT, 273 patients concurrently received UFT and anastrozole among 1,995 patients in whom the safety of UFT could be assessed for 1 year between 2002 and 2005 [41] . In the same survey, 398 patients received UFT alone and 127 patients received UFT in combination with TAM. Safety analyses of these three groups of patients confirmed that combined treatment was adequately tolerated. As for treatment response, experimental studies have shown that a combination of UFT and anastrozole has higher antitumor activity than either drug alone (data not shown). Available evidence thus suggests that UFT in combination with either TAM or anastrozole is one option for the postoperative management of breast cancer.
The 2007 St. Gallen Consensus Report recommended the use of endocrine therapy regardless of risk in patients with HER-2 Ϫ , hormone receptor-positive breast cancer [42] . The report also recommended that patients at intermediate risk should receive endocrine monotherapy or sequentially receive chemotherapy followed by endocrine therapy. Given the balance between treatment effectiveness and QOL, this is the most difficult category of patients. Important questions include: What types of patients should also receive chemotherapy and what is the best strategy to improve treatment efficacy? To address these points, Berry et al. [43] analyzed data from the Cancer and Leukemia Group B (CALGB)-8541, CALGB-9344, and CALGB-9741 studies, in which survival benefit in patients with node-positive breast cancer was evaluated according to ER status. The DFS interval was clearly longer with high-dose regimens, additional treatment with paclitaxel, and high dose density in patients with ER Ϫ breast cancer. In contrast, in patients with ER ϩ breast cancer, the effectiveness of such treatment was about one third to one half of that in patients with ER Ϫ breast cancer. In Japan, the Japan Breast Cancer Research Group 01 study assessed the effectiveness of preoperative chemotherapy with FEC followed by docetaxel according to ER and HER-2 status [44] . Although the rate of pathological complete response to preoperative chemotherapy Similar to UFT, 5Ј-DFUR was evaluated as postoperative chemotherapy primarily in Japan, but was not shown to be therapeutically useful, as compared with surgery alone. The CALGB-49907 study [46] in elderly patients compared capecitabine with CMF or doxorubicin plus cyclophosphamide. That study also failed to show that capecitabine was therapeutically useful. However, the study did demonstrate an interaction between hormone-receptor status and treatment response, suggesting that the response to oral 5-FU derivatives is somehow related to hormone-receptor status. The failure to demonstrate the usefulness of these drugs for the postoperative treatment of breast cancer can be attributed to several reasons, including the short treatment period (generally 2 years in clinical studies of UFT) and the timing of hormone therapy (concurrent treatment with TAM in all clinical studies of UFT). Furthermore, because capecitabine and 5Ј-DFUR are activated by thymidylate phosphorylase in tumors, these drugs may not have been adequately effective in a postoperative environment associated with micrometastases and virtually no tumor.
As stated above, it is extremely important to select treatments that respect patients' desires. Postoperative chemotherapy should therefore not only be chosen on the basis of hormone-receptor and HER-2 status, but should also include an assessment of various other factors, such as age and comorbidities. At present, large international clinical studies are in progress with the ultimate goal of individualizing therapy. Such studies are assessing the value of prognostic tools such as oncotype DX in the Trial Assigning Individualized Options for Treatment (TAILORx) and MammaPrint in the Microarray in Node-Negative and 1 to 3 Positive Lymph Node Disease May Avoid Chemotherapy (MINDACT) trial. Unique clinical trials in Japan include the N-SAS-BC 06 study (New Primary Endocrine Therapy Origination Study, NEOS), which is now evaluating the add-on effect of chemotherapy on outcomes in patients who have stable disease or a better response to preoperative hormone therapy. The results of these clinical trials are expected to lead to better delineation of patients most likely to benefit from intensive chemotherapy and those who are unlikely to benefit, among patients in the controversial category of intermediate risk.
Clinical trials of drugs targeting new molecules are also currently in progress and will hopefully lead to the development of new prognostic biomarkers of treatment response or outcomes.
In conclusion, UFT has been suggested to be therapeutically useful in combination with TAM or AIs. The use of these drugs in selected patients most likely to benefit from treatment is expected to result in high therapeutic effectiveness, without comprising patients' QOL. UFT combined with TAM or AIs is thus considered an important treatment option permitting optimal therapy in individual patients.
